Voice onset time (VOT) is a parameter which distinguishes the way consonants are articulated . This parameter is widely used in acoustic phonetics. In particular, there are many studies of it in the languages of the world. This paper presents an analysis of VOT in the Abaza language (Northwest Caucasian). We measured the VOT of plain consonants and ejectives, extracted annotated values and performed mixed effects regression showing the influence of the place of articulation and phonation type on VOT values. JEL Classification: Z.
1.Introduction

Closure duration and voice onset time
Consonants cross-linguistically differ by a number of features. For example, CD (closure duration) and VOT (voice onset time) measurements show the distinction of consonants by place and manner of articulation in all languages. In particular , these features show variance between voiced, voiceless and ejective consonants. This contrast is explained by different types of phonation: ejectives involve both oral and glottal closure, with a so-called glottalic initiation (cf. Catford, 1977) , i.e. an upward movement of the larynx providing the necessary pressure difference for the stop release. Voiced consonants tend to have negative VOT because voicing time starts before the burst (cf. Cho and Ladefoged, 1999) .
There is much research about VOT. Cross-linguistic diversity of VOT values is shown in Cho and Ladefoged's paper (1999) . They present VOT measures in 18 languages around the world and demonstrate that there is no general trend for the VOT parameter which distinguishes ejectives and plain consonants. Furthermore , they prove that a boundary between voiceless aspirated and voiceless unaspirated consonants must be defined for each language separately (Abramson & Whalen, 2017) . Moreover, it is known that VOT depends on many features such as the place of articulation (the further the back the closure, the longer the VOT is), prosodic position and speaking rate (Fischer, Jorgensen, 1954; Peterson & Lehiste, 1960; Wysocki, 2004; Vicenik, 2010; Grawunder/Simpson/Khalilov 2010) .
Features of VOT in Caucasian languages have been studied in detail, too. Catford (1992) measured VOT duration in a number of Caucasian languages which belong to different language families: East, North and South Caucasian. He found that there is a tendency for "the VOT of aspirated stops to be longer in languages where these are contrasted with unaspirated stops" and there is a significant variety between VOT values. Gravunder (2017) used a sample of eleven Caucasian languages. He found that there are alternations between the VOT difference of ejective and non-ejective consonants. In some languages the VOT for ejectives was longer than the VOT for voiceless consonants,while in others the VOT values of ejectives were shorter. Gordon and Appelbaum (2006) in an article on the phonetic structures in Kabardian, a Northwest Caucasian language, also investigated VOT features. They found that in the intervocalic position aspirated stops have bigger values than ejectives.
Most previous descriptions of Abaza consonants (Genko 1955 , Tabulova 1976 , O'Herin 1992 , and others) do not provide any phonetic evidence, so this is the first acoustic analysis of Abaza. The aim of this paper is to present the results of comparison of the VOT measurements made for plain consonants and ejectives in the Abaza language (one of the first acoustic research papers on this language) and describe the impact of place of articulation on VOT.
This article consists of following sections. In the rest of the Introduction Abaza language and its phonology (1.2), where a brief description of the Abaza phonetic system is given. Materials and methods are discussed in Section 2. Section 3 is about the results of our research. In the last section, we provide a discussion of our study.
Abaza and its phonology
Abaza is a language of the Abkhaz-Abaza group of Northwest Caucasian languages. It is spoken in Russia (mostly in the Karachay-Cherkess Republic) and in Turkey. According to the 2010 Russian census, there are slightly less than 38 thousand speakers of Abaza in Russia.
The exact number of speakers in other countries, mainly in Turkey (Chirikba 2012) , is unknown.
Abaza has a complex system of consonants (Table 1) . It consists of 65 segments. There is a distinction between voiced, voiceless and ejective. Consonants in the brackets are rare, allophonic or loaned from Circassian. The sounds /dẑ/, /tŝ'/, /tŝ/, /ẑ/, /ŝ/ are specific sounds of Northwest-Caucasian languages which are known as hissing-hushing fricatives (Chirikba 1983 ), dental-alveleolar fricatives (Kumakhov 1981 , Chirikba 1983 ), lamino-alveo-palatal fricatives (Colarusso 1988) , or post-alveolar sibilants (Ladefoged, Maddieson 1996). 
There are two basic vowel phonemes in Abaza: /a/ and /ə/. In addition, there are four additional vowel segments found mainly in loanwords or which arise when vowel + glide In this paper the stressed vowel is marked with the acute, e. g. /sará/.
Materials and methods
Materials
The data analysed in this study were recorded in July 2018 during a field trip to the village of Inzhich-Chukun in the Karachay-Cherkess Republic in Russia. Six female native speakers of Abaza (aged 19 to 59) were recorded in a separate classroom at the local school with the windows shut. The speakers produced three repetitions of a set of 100 stimuli containing the target plosive in two-syllable words with the vowel /a/ and a stop consonant in the intervocalic position (the stimuli list is available in Appendix 1). All stimuli were presented in two languages at the same time: Russian and Abaza. The words were embedded in a carrier phrase:
/sará aẑá Х χən isħʷát'/ 'I said (word) three times'. Speakers were recorded using a Tascam DR-40 recorder. The recording settings were set to .wav, 44.1 kHz, 16-bit, stereo. The stimuli were automatically gathered from a dictionary (Tugov 1967) : if a word had two syllables, all of its vowels were /a/, and it was not loaned, our Python script appended it into the list of stimuli .
There were no appropriate words with a plain velar, but one of the speakers pronounced the uvular written as <хъ> in the traditional orthography like a plain velar consonant. The distribution of consonants in our dataset is presented in Figure 1 . 
Methods
We measured CD and VOT durations and the duration of the preceding and following vowels.
The Praat (Boersma, Weenink 2018) annotation consists of 4 labels: CD and VOT, consonant, word, and utterance. Figure 2 shows the example of annotation. After that, annotation data were extracted with Praat script and analyzed in R (R Core Team 2019). All data and annotations are available online: https://github.com/agricolamz/abaza_vot_with_mamonova. 
Results
The resulting CD and VOT values are presented in Figure 3 . Each point on the plot corresponds to one observation, which quasi randomly offsets the type of phonation variable from each value. Each row corresponds to the number of an utterance (1, 2, 3, and cf --carrier phrase).
From the graph we see that the VOT of voiced plosives is negative (which is obvious), but the VOT values of voiced consonants tend to be greater than values of ejectives among all pronunciations and places of articulation.
Figure 3. Distribution of VOT values by the type of phonation and number of utterance
In order to check our observations, we decided to evaluate a mixed effects regression model, computing differences between all kind of places of articulation and types of phonation. In Table 2 we present the fixed effect results of the linear regression model which predicts the VOT duration using the place of articulation and the type of phonation. Speaker, utterance and word were used as a random effect. The lme4 (Bates, Maechler, Bolker, Walker 2015) formula used for this model is the following:
As is seen in Overall estimated effects are as follows (see Figure 3 .):
• average VOT values are increasing from labials and dentals to palatals and uvulars
• average VOT values for plain sounds are greater than ejectives, and of course voiced plosives have the lowest values of VOT 
Discussion
The POA effect plot shows VOT values of consonants of different places of articulation. We see that the VOT depends on place of articulation. Dentals demonstrate the smallest VOT values. Labials also have small values. Then VOT values rise significantly: palatals and uvulars have the largest VOT values. Moreover, the graph demonstrates that predicted average VOT values of different places of articulation do not overlap.
The second graph shows that phonation also has an impact on VOT. As expected, voiced consonants have a negative VOT because of their articulational properties. Plain voiceless consonants have a bigger VOT than ejectives.
Based on the results of our research, we can state that typologically Abaza belongs to languages where VOT values of plain consonants is bigger than VOT values of ejectives. In fact, similar conclusions have been reached earlier for Circassian languages, which also belong to the Northwest Caucasian family.
It is worth noting, however, that the sample in our study was not balanced enough: it contains many labials and dentals, but only a few velar consonants. 
